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The general de Sitter supergravity component action
Marjorie Schillo1, Ellen van der Woerd1, and Timm Wrase2∗
In this paper we review the appearance and utility of a
nilpotent chiral multiplet in the context of supergravity,
string theory and cosmology.
Coupling a nilpotent chiral superfield to supergravity,
one obtains what is called pure dS supergravity, a su-
pergravity theory without scalar degrees of freedom
that naturally has de Sitter (dS) solutions, and in which
supersymmetry is non-linearly realized. We extend pre-
vious results that couple this dS supergravity to chiral
and vector multiplets and derive the most general su-
pergravity action for a single nilpotent chiral multiplet
coupled to supergravity and an arbitrary number of chi-
ral and vector multiplets.
Based in part on the plenary talk given by T. W. at “The
String Theory Universe”, 21st European String Work-
shop, Leuven, September 7-11, 2015.
1 Introduction
More than forty years ago Volkov and Akulov (VA) [1, 2]
speculated that a neutrino in the standardmodel of parti-
cle physics could be themassless goldstino, χ, that arises
when supersymmetry is spontaneously broken. They de-
rived an explicit action for the goldstino that is invariant
under non-linearly realized supersymmetry transforma-
tion. This VA action is given by
SVA =M4
∫
E0∧E1∧E2∧E3 , Eµ = dxµ+ χ¯γµdχ . (1)
The non-linear supersymmetry transformation under
which this action is invariant is
δζχ= ζ+ (χ¯γµζ) ∂µχ , (2)
where ζ is a constant spinor.
With the discovery of neutrino oscillations it became
clear at the end of the last century that the standard
model neutrinos are not massless. Nevertheless, the VA
action is interesting on theoretical grounds and might
still play some other role in the description of our uni-
verse. The work [3–7] following VA established that the
goldstino, χ, can be packaged into a nilpotent chiral mul-
tiplet in 4d N = 1 supersymmetry.1 If we denote a chiral
superfield by S and demand that it squares to zero, S2 = 0,
then we find the following equations:
S2 = (s+
p
2θχ+θ2F )2
= s2+2
p
2s θχ+θ2(2sF − χ¯PLχ) . (3)
The three equations s2 = sPLχ = 2sF − χ¯PLχ = 0 are all
simultaneously solved by
s = χ¯PLχ
2F
. (4)
So we see that the nilpotent chiral multiplet, S, has only
fermionic degrees of freedom since the scalar is given by
a fermion bilinear.
As we will review in section 2, this nilpotent chiral
multiplet has recently been introduced in the cosmologi-
cal context in [10] (see also [11–14] for earlier work). This
has triggered a plethora of successive papers
– that use the nilpotent multiplet and its interesting fea-
tures in the context of cosmological model building
[15–30],
– study its connection to string theory [19,31–34],
– and study the supergravity action in the presence of a
nilpotent field or even more general constrained mul-
tiplets [30,35–41].
In particular, if one couples only a single nilpotent chi-
ral multiplet to supergravity, one obtains the so called
pure dS supergravity, a supergravity theorywithout scalar
fields that naturally gives rise to dS solutions! This was
first shown in [10] where the bosonic action was studied.
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ellen@itf.fys.kuleuven.be, timm.wrase@tuwien.ac.at
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1 It was also shown in [8, 9] that there is a unique action for the
goldstino up to a non-linear field redefinition.
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Then in [19] the superconformal action using superfields
was spelled out. However, the component action, includ-
ing fermions, for this pure dS supergravity was worked
out only recently in [35,36]. The component action for dS
supergravity coupled to one chiral multiplet was worked
out in [36]. This was extended in [39, 40], where the cou-
pling to an arbitrary number of chiral and vector multi-
plets was worked out under the single assumption that
the Kähler potential only depends on s s¯ andhas no terms
linear in s or s¯. After reviewing the current literature in-
volving the nilpotent chiral multiplet in section 2, we ex-
tend the result of [40] in section 3 and work out the most
general component action for dS supergravity coupled to
an arbitrary number of chiral and vector multiplets. We
conclude in section 4. In two appendices we collect use-
ful but lengthy results related to the derivation of the ac-
tion in section 3.
2 Review of the nilpotent multiplet
2.1 dS vacua and inflation with a nilpotent chiral
superfield
In 2014, the nilpotent chiral multiplet was used in the
cosmological context in [10]. In that paper the authors
showed (among other things) that it is trivial to construct
dS vacua in supergravity models with a nilpotent chiral
multiplet. In particular, consider the following Kähler po-
tential and superpotential:
K =−3log(1− s s¯)= 3s s¯ , W = f s+W0 , (5)
where s is nilpotent so that s2 = 0. Now one can calculate
the scalar potential via the usual formula and set s = 0 2
in order to get the bosonic action:
V = eK
(
K ss¯DsWDsW −3|W |2
)
= 1
3
| f |2−3|W0|2 ,
m23/2 = |W0|2 , (6)
with DSW = ∂SW +W ∂SK . Thus, in this model the cos-
mological constant is decoupled from the gravitinomass,
m3/2, and it is trivial to find dS vacua, i.e. to arrange for
V > 0. Note that these dS vacua arise without any scalar
degrees of freedom! The reason that this is possible, de-
spite the no-go theorems in [42,43], is that supersymme-
try is spontaneously broken due to the nilpotent chiral
multiplet.
2 We are not aware of a mechanism that could give a vacuum
expectation value to the fermion bilinear s.
Additionally, [10] discussed the role of the nilpotent
chiral multiplet in the context of the Starobinsky model
of inflation [44]. In this model there exists a classical du-
ality between a scalar field coupled to gravity and an
R +R2 action, where R2 denotes a higher derivative cor-
rection to the Einstein-Hilbert LagrangiandensityR . This
model was embedded into (higher-derivative) supergrav-
ity in [45–47]. In the so-called ‘old minimal version of su-
pergravity’, this supergravity generalization of the R+R2
model is dual to the usual Einstein-Hilbert action cou-
pled to two chiral multiplets T and S. The field T con-
tains the inflaton and [10] studies the case in which S is a
nilpotent chiral multiplet so that S2 = 0. They find that in
the dual R +R2 model the nilpotency of S translates into
a nilpotency condition for the chiral curvature field, R,
that is now constrained to R2 = 0.
These models were extended and new ones were de-
rived and studied in [15,16,18,30,38,48–50]. Among other
things, models were discovered inwhich the chiral curva-
ture field,R, is not really nilpotent but rather satisfies the
constraint (R−λ)2 = 0. For an in-depth discussion of the
Starobinsky model of inflation [44] and higher-derivative
supergravity in the context of a nilpotent chiral curvature
superfield see the nice review [51]. 3
It was pointed out in [19] that the nilpotent chiral su-
perfield should simplify all inflationary models that re-
quire a so-called ‘stabilizer’ chiral multiplet in addition
to the chiral multiplet that contains the inflaton. One
can simply replace this stabilizer field by a nilpotent field
which effectively removes its scalar component and also
usually simplifies the Kähler potential. Furthermore, it is
possible to use the nilpotent field to obtain dS vacua at
the end of inflation as was shown in newly constructed
models in [20].
The nilpotent chiral multiplet has been extensively
used in the context ofα-attractors. These are inflationary
models in supergravity thatwere first proposed in 2013 in
[53] (see also [54, 55]). These inflationary models can ac-
commodate a wide variety of possible cosmologicalmea-
surements that will be made in the near future. In the pa-
pers [22–25, 27–29] a variety of simple models have been
constructed. These can not only accommodate any possi-
blemeasurement for the tensor-to-scalar ratio, r , and the
spectral index, ns , but also allow for a tunably small cos-
mological constant at the end of inflation, as well as an
arbitrary SUSY breaking scale. The paper [27] also stud-
3 See also [52] which additionally reviews the partial breaking
from N = 2 to N = 1 due to nilpotent superfields.
2 Copyright line will be provided by the publisher
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ies the initial conditions in these models and finds that
inflation arises naturally.
Additional work with the nilpotent chiral multiplet
has resulted in the construction of other inflationary
models and dS vacua, as well as further studies of the re-
sulting supergravity action. In [17] supersymmetry break-
ing in large field models of inflation was studied and one
of the models featured the nilpotent chiral multiplet. A
novel class of inflationary models in supergravity with-
out a sgoldstino was constructed in [21] by using a sin-
gle nilpotent chiralmultiplet. The paper [26] constructed
the minimal effective field theory of supersymmetric in-
flation using not only a nilpotent chiral superfield but
also a constrained real superfield. In the paper [37] it was
shown that a complex linear goldstino superfield cou-
pled to supergravity can likewise lead to dS vacua and
the relation of this setup to a nilpotent chiral multiplet
was discussed in detail. The paper [41] constructed the
minimal supergravity model where the nilpotent chiral
goldstino superfield is coupled to a chiral matter super-
field, in particular, the two chiralmultiplets S and Y were
constrained to satisfy S2 = SY = 0.
In summary, the nilpotent chiral multiplet renders
the construction of dS vacua in supergravity trivial, mak-
ing it an invaluable ingredient in cosmological model
building. Furthermore, the construction of inflationary
models can often simplify and the models can easily ac-
commodate different features of our universe if one in-
cludes a nilpotent chiral multiplet. Since the nilpotent
chiral multiplet and its extensions have only started to
play a role in cosmological model building very recently,
we can expect many interesting developments in the fu-
ture.
2.2 The nilpotent chiral superfield in string theory
The nilpotent chiral superfield also appears in string
compactifications. As we will review here, this has been
explicitly worked out for the case of Kachru, Kallosh,
Linde and Trivedi (KKLT) type compactifications of type
IIB string theory [56]. In this setting the complex struc-
ture moduli and the dilaton are stabilized by H3 and F3
fluxes following Giddings, Kachru and Polchinski (GKP)
[57]. The single Kähler modulus T that controls the over-
all volumeof the internal warpedCalabi-Yaumanifold re-
mains a flat direction. After including non-perturbative
effects from Euclidean D3-branes or gaugino condensa-
tion on a stack of D7-branes, one has the following 4d
N = 1 effective description in terms of a Kähler poten-
tial and superpotential:
K =−3ln(T + T¯ ) , W =W0+ Ae−aT . (7)
Here,W0, A and a are constants and the resulting scalar
potential,
VKKLT = eK
(
K T T¯DTWDTW −3|W |2
)
, (8)
has a supersymmetric AdS vacuum in which all mod-
uli have a positive mass squared. In order to obtain a
metastable dS minimum, KKLT added to the scalar po-
tential a positive term that arises from one or more anti-
D3-branes:
V =VKKLT +VD3 =VKKLT +
µ4
(T + T¯ )3 . (9)
Naively, it seems that this termbreaks supersymmetry ex-
plicitly, however, it follows, for example, from thework of
Kachru, Pearson and Verlinde [58], that this dS vacuum
can decay to a supersymmetric ground state and there-
fore supersymmetry should be broken spontaneously.
Nevertheless, until last year it was not known how to
modify the Kähler potential and superpotential in equa-
tion (7) to get the extra contribution from the anti-D3-
brane in equation (9).
It was shown by Ferrara, Kallosh and Linde [19] that
using a nilpotent superfield, S, one can get the anti-D3-
brane uplift term. In particular, by making the following
s dependentmodification to the Kähler potential and su-
perpotential in equation (7),
K =−3ln(T + T¯ )+ s s¯ , W =W0+ Ae−aT +µ2s , (10)
one finds exactly the scalar potential in equation (9):
V = eK
(
K T T¯DTWDTW +K ss¯DsWDsW −3|W |2
)∣∣∣
s=s¯=0
= VKKLT +
µ4
(T + T¯ )3 . (11)
It was shown in KKLMMT [59] that, in the presence of
warping, the contribution of the anti-D3-brane is modi-
fied. In this case the uplift term only has a quadratic de-
pendence on the volume modulus, so that the scalar po-
tential is given by:
V =VKKLT +VD3,warped =VKKLT +
µ4
3(T + T¯ )2 . (12)
This scalar potential can also be reproduced from a Käh-
ler potential and superpotential, if one uses a nilpotent
superfield [19]. In particular, the following K andW give
rise to the scalar potential in equation (12):
K =−3ln(T + T¯ − s s¯) , W =W0+ Ae−aT +µ2s . (13)
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This ability to reproduce the desired scalar potentials
suggests a connection between the nilpotent supermul-
tiplet and the anti-D3-brane uplift.
This connectionwasmademore precise in [19] where
the authors recalled that the fermionic action for a Dp-
brane is closely related to the VA action that describes
the nilpotent chiral superfield. In particular, in the stan-
dard κ-symmetry fixing of [60, 61] the fermionic part of
the Chern-Simons term vanishes and one finds that the
fermionic part of the DBI action takes the form of the VA
action [62, 63]. Thus, it seems very likely that the spon-
taneous breaking of supersymmetry by Dp-branes is re-
flected in the 4d supergravity theory by the presence of a
nilpotent chiral multiplet.
From the results above it appears that there is no
difference between a brane and an anti-brane, since
they only differ in the sign of the Chern-Simons term,
which vanished. However, in the KKLT setup a brane pre-
serves supersymmetry and does not uplift the AdS vac-
uum while an anti-D3-brane breaks supersymmetry and
leads to the uplift term. This issue was addressed in [32],
where it was recalled that the KKLT construction involves
an O3 orientifold projection that is not compatible with
the standard κ-symmetry gauge fixing that was used in
[60, 61]. The orientifold truncation leads for a D3-brane
that sits on top of O3− plane to a vanishing action and
for an anti-D3-brane on top of anO3− plane to an action
withoutκ-symmetry.4 From string theory considerations
we know the spectrum [65–67], and for the case of a sin-
gleD3-brane the orientifold projection removes all world
volume degrees of freedom, i.e. the scalars, vector and
fermions, which is consistent with the vanishing of the
action in this case. For an anti-D3-brane one is left with
only fermions and one can study the purely fermionic ac-
tion in full detail. One finds that this world volume action
for an anti-D3-brane on top of an O3−-plane is a general-
ization of the standard 4d N = 1 VA action (cf. equation
(1)). In N = 1 language one has four nilpotent chiral su-
permultiplets, containing a total of four 4d spinors, that
spontaneously break the 4d N = 4 supersymmetry pre-
served by the orientifold projection [32].
This analysis was extend in [33], where an anti-D3-
brane on top of an orientifoldplane in aGKP background
[57] was analyzed (see also [31] for earlier work in this di-
rection). In such a background the action for a single anti-
D3-brane is only known to quadratic order in fermions,
which is sufficient to show that three of the four fermions
get a mass and only one fermion remains massless. This
4 This follows from the T-dual analysis for 9-branes in [64].
massless fermion spontaneously breaks the linearly re-
alized N = 1 supersymmetry that was preserved by the
GKP background. Since the action for the anti-D3-brane
in this background is only known to quadratic order, it
was not possible in [33] to show that the action for this
fermion is the VA action to all orders, however, this fol-
lows from the uniqueness of the VA action (see [9] and
references therein).
An important step in the KKLT construction is that
the anti-D3-brane sits in a highly warped region, i.e. at
the bottom of a throat. So one might ask whether it is
possible to place the above system of an anti-D3-brane
on top of an O3−-plane at the bottom of a throat. This
questionwas addressed by Kallosh, Quevedo andUranga
in [34]. They find that for the canonical example of the
Klebanov-Strassler throat [68] it is not possible to have an
orientifold projection that leads to O3-planes. However,
they explicitly constructed another throat that allows for
an orientifold plane that is localized at the bottom of the
throat. Placing an anti-D3-brane on top of this O3− then
leads to the redshifted anti-D3-brane uplifing term that
one expects in the KKLT construction. This construction
of the uplift term, as well as the direct connection be-
tween the anti-D3-brane world volume fermion and the
VA action, makes the connection to the nilpotent chiral
supermultiplet fully explicit.
Additionally, the authors of [34] noted that one can
introduce O7-planes in the Klebanov-Strassler throat.
The world-volume action of an anti-D3-brane placed at
the bottom of this throat contains two complex scalars
and two fermions. Both scalars and one fermion will re-
ceive a mass if one turns on imaginary self-dual back-
ground fluxes, and the remaining massless fermion will
again have the VA action and spontaneously break super-
symmetry. This provides another explicit connection be-
tween the anti-D3-brane uplift in the KKLT string theory
scenario and the nilpotent chiral multiplet. Since (anti-
) branes break supersymmetry spontaneously it is ex-
pected thatmanymore such connections between string
compactifications and the nilpotent chiral multiplet will
be discovered in the future.
2.3 The component action for dS supergravity
We have seen above in subsection 2.1 that the nilpotent
chiral multiplet has led to substantial progress in cosmo-
logical model building in supergravity. For the construc-
tion of inflationary models and dS vacua, we in princi-
ple only need the bosonic action in the presence of a
nilpotent chiral superfield. As we reviewed above equa-
4 Copyright line will be provided by the publisher
Fortschritte der Physik, August 21, 2018
tion (6), this bosonic action is given by dropping all terms
quadratic in s and s¯ and setting s = s¯ = 0 after calculat-
ing the F-term scalar potential. However, at the end of
inflation we need to reheat the universe which requires
a particle physics sector and a thorough understanding
of the fermionic terms in the supergravity action. Thus,
it is important to derive the full supergravity action for
the nilpotent multiplet coupled to regular chiral and vec-
tor multiplets. Such an action might also be interesting
purely from a particle physics point of view. In this sub-
section we review the status of deriving such an action
and in the next section we will fill in a gap in the existing
literature and derive themost general component action
for onenilpotent chiralmultiplet coupled to supergravity
and an arbitrary number of chiral and vector multiplets.
The general on-shell supergravity action for an ar-
bitrary number of chiral and vector multiplets coupled
to supergravity is given for example in equations (18.6)-
(18.19) of the “Supergravity” book by Freedman and Van
Proeyen [69]. We would like to take one of the chiral mul-
tiplets to be nilpotent. However, the constraint equation
(4) given by s = χ¯PLχ
2F
involves the auxiliary field F that
has already been integrated out in the on-shell supergrav-
ity action. Therefore one has to find a different starting
point.
The standard approach is to start with a superconfor-
mal action and then do a gauge fixing and integrate out
the auxiliary fields. This is described in detail for the stan-
dard supergravity action coupled to an arbitrary number
of chiral and vector multiplets in chapter 16 to 18 of the
book [69]. In the presence of a nilpotent field one expects
it to be difficult to integrate out the auxiliary field F since
it appears in the denominator of s = χ¯PLχ
2F
. Also since s
is a fermion bilinear the fermionic action is rather com-
plicated. Nevertheless, it was possible, following this pro-
cedure, to derive the component action for the case of
a nilpotent chiral superfield coupled to supergravity in
[35,36], and with one additional chiral multiplet in [36].5
The action for one nilpotent chiral multiplet coupled
to supergravity was termed pure dS supergravity in [35]
since it contains no scalar fields and allows for a pos-
itive cosmological constant. Previously no such action
was known and there are no-go theorems [42,43] that for-
bid such solutions in the case of linearly realized super-
symmetry.
5 Since these component actions are rather long expressions,
we refrain from spelling them out here and refer the interested
reader to the original literature (see however equation (20)
and section 3 below).
A shortcut in the derivation of the component action
is to start directly from the supergravity action in which
only the chiral superfields Zα = zα+
p
2θχα+θ2Fα are
taken off-shell. This action is given by [40] 6
e−1Loff−shell = (Fα−FαG )gαβ¯(F¯ β¯− F¯
β¯
G
)+e−1Lbook , (14)
where
FαG =−e
K
2 gαβ¯D¯β¯W¯ +
1
2
Γ
α
βγχ¯
βχγ+ 1
4
f¯AB β¯g
αβ¯λ¯APRλ
B .
(15)
The LagrangianLbook =Lbook(e,ψµ,zα,χα, z¯α¯,χα¯,AAµ ,λA)
is the general on-shell Lagrangian given in the book [69]
in equations (18.6)-(18.19). It depends on the vielbein,
eµ
a , the gravitino, ψµ, the physical fields of the chiral
superfield, Zα, the vector fields, AAµ and the gauginos,
λA . The action is determined through three functions of
the scalar fields, zα, and their complex conjugates. These
functions are the holomorphic superpotential, W (zα),
the holomorphic gauge-kinetic function, fAB(z
α) and the
real Kähler potential, K (zα, z¯α¯). We will also use gαβ¯ =
∂α∂β¯K to denote the Kähler metric and Γ
α
βγ
for the corre-
sponding Christoffel symbols. Furthermore, we use sub-
scripts as shorthand for partial derivatives, e.g.:Kα = ∂αK
and fABα = ∂α fAB . For our other conventions see the
book [69].
Having the off-shell action (14) as starting point we
can now demand that the first multiplet Z 1 ≡ S is nilpo-
tent and split the index α= (1, i ), with i = 2,3, . . . ,n. This
thenmeans that z1 = χ¯
1PLχ
1
2F 1
≡ (χ
1)2
2F 1
so that nowLbook de-
pends on F 1 via z1 and we cannot simply integrate out
F 1 anymore. It is however straight forward to integrate
out the other F i which leads to
gi 1¯(F¯
1¯− F¯ 1¯G )+ gi ¯(F¯ ¯ − F¯
¯
G
)= 0. (16)
Since the sub-matrix gi ¯ determines the kinetic terms for
all the scalar fields (recall that z1 is a fermion bilinear),
it has to be invertible and we will denote its inverse by
(gi ¯)
−1. This allows us to rewrite the above as
(F¯ ¯ − F¯ ¯
G
)=−(gi ¯)−1gi 1¯(F¯ 1¯− F¯ 1¯G ) . (17)
6 Note that for standard chiral multiplets, one can simply inte-
grate out F¯ β¯ from the action (14) and find (Fα −FαG )gαβ¯ = 0.
So in this case one trivially recovers the on-shell supergravity
Lagrangian Lbook.
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Plugging this back into the Lagrangian in equation (14)
we find
e−1Loff−shell = (F 1−F 1G )
(
g11¯− g1 ¯ (g ¯i )−1gi 1¯
)
(F¯ 1¯− F¯ 1¯G )
+e−1Lbook . (18)
Since z1 and z¯ 1¯ square to zero we can also expand Lbook
as follows
Lbook= z¯ 1¯A1z1+ B¯1z1+B1 z¯ 1¯+C1 . (19)
The explicit expression for A1,B1, B¯1,C1 are lengthy and
can be read off from the explicit Lagrangian in the book
[69]. Note that A1 contains derivatives that (after integra-
tion by parts) only act on z1.
The discussion above follows [39, 40] and is the start-
ing point for integrating out F 1 and deriving the explicit
component action in the presence of the nilpotent chiral
multiplet and an arbitrary number of chiral and vector
multiplets. This was done in [40] under the assumption
that the Kähler potential depends only on the product
z1z¯ 1¯ and does not have linear terms in z1 and z¯ 1¯. The re-
sulting Lagrangian was surprisingly simple and is given
by
e−1L =
[
e−1Lbook
]
z1= (χ1)2
2F1
G0
,z¯ 1¯= (χ1¯)2
2F¯ 1¯
G0
− (χ
1)2(χ1¯)2
4g11¯
(
F 1
G0
F¯ 1¯
G0
)2
∣∣∣∣∣g11¯ä(χ
1)2
2F 1
G0
+B1
∣∣∣∣∣
2
, (20)
with B1 defined in equation (19) and
F 1G0 =
1
g11¯
(
−e
K0
2 W¯1+
1
4
f¯AB 1¯λ¯
APRλ
B
)
. (21)
Here K0(z
i , z¯ ı¯ ) is the z1 z¯ 1¯ independent part of the Käh-
ler potentialK (z i , z¯ ı¯ ,z1z¯ 1¯) and the indices onW1(z
i ) and
f¯AB 1¯(z¯
ı¯) denote partial derivatives as mentioned above.
So we see that in this case the action is given by the
standard action where we take z1 to be the fermion bi-
linear (χ1)2 divided by 2F 1G0 which is a function of the
scalars z i , z¯ ı¯ and the gauginos λA. Additionally, there is
a new term that is quartic in the spinor (χ1)2(χ1¯)2. This is
themaximal power of the spinor and thereforewe can set
any terms in B1 to zero that contain the undifferentiated
spinor χ1 or χ1¯.
In the action above the goldstino is generically not
just χ1 since for non-vanishing F i and/or non-vanishing
D-terms the gravitino is a linear combination of χ1 and
the χi and/or the λA .7 A standard simplification in su-
pergravity is to gauge fix the supersymmetry transforma-
tions to set the goldstino to zero (see section 5 of [39] for
7 F 1 cannot be zero since the nilpotent constraint is z1 = (χ
1)2
2F 1
,
so that χ1 always appears in the goldstino.
a detailed discussion of this point). This avoids mixing
terms between the goldstino and the gravitino and sim-
plifies the actionLbook. However, due to large number of
complicated terms involving χ1 it might be more useful
to gauge fix the supersymmetry in equation (2) by setting
χ1 = 0. In this case the above action (20) reduces to
e−1L =
[
e−1Lbook
]
z1=z¯ 1¯=χ1=χ1¯=0 . (22)
This above action seems to be the standard action in the
book. Note, however that, as mentioned above, we have
already gauge fixed the supersymmetry transformations
in such a way that Lbook contains generically mixing
terms between the goldstino and the gravitino. Further-
more, despite the fact that z1 = χ1 = 0 the presence of the
nilpotent field still leads to the positive definite contribu-
tion K ss¯DsWDsW in the scalar potential V that appears
in Lbook (see subsection 2.1 above).
This concludes our review of the current literature. In
the next section we will extend the results in [40] and de-
rive the component action for the most general super-
gravity Lagrangian containing one nilpotent chiral mul-
tiplet and an arbitrary number of chiral and vectormulti-
plets.
3 The general dS supergravity action
As in [40] we examine the supergravity Lagrangian for an
arbitrary number of chiral and vector multiplets where
one of the chiral superfields is nilpotent. As above, we
write the chiral superfields, Zα = zα +
p
2θχα + θ2Fα,
and choose Z 1 ≡ S to be nilpotent and split the index
α = (1, i ), with i = 2,3, . . . ,n. The nilpotent constraint,
(Z 1)2 = 0, constrains the scalar z1 to be a fermionbilinear
given by z1 = χ¯
1PLχ
1
2F 1
≡ (χ
1)2
2F 1
. Then, the most general Käh-
ler and superpotential and gauge kinetic functions are8
W (zα) =W0(z i )+W1(z i )z1 ,
K (zα, z¯α¯) = K0(z i , z¯ ı¯ )+K1(z i , z¯ ı¯ ) z1+K1¯(z i , z¯ ı¯ ) z¯ 1¯
+g11¯(z i , z¯ ı¯) z1z¯ 1¯ ,
fAB (z
α) = fAB0(z i )+ fAB1(z i ) z1 , (23)
where ∂αβ¯K = gαβ¯.
As explained above, since z1 = (χ
1)2
2F 1
depends on
F 1, we need to start with the off-shell supergravity La-
grangian, and then proceed to integrate out F 1 (taking
8 In [40] the two functions K1(zi , z¯ ı¯ ) and K1¯(zi , z¯ ı¯ ) where set to
zero for simplicity.
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into account its appearance in z1). Following [40], we
take the off-shell Lagrangian in which all the Fα auxiliary
fields are not yet integrated out. Then it is trivial to in-
tegrate out the F i , as shown in the previous subsection.
This leads to the Lagrangian in equation (18) that is off-
shell with respect to F 1 only:
e−1Loff−shell =(F 1−F 1G )
(
g11¯− g1 ¯ (g ¯i )−1gi 1¯
)
(F¯ 1¯− F¯ 1¯G )
+e−1Lbook .
(24)
It will be convenient for us to define
g11¯− g1 ¯ (g ¯i )−1gi 1¯ =M0+M1z1+M1¯z¯ 1¯+M11¯z1z¯ 1¯
≡M ,
(25)
where the quantities M0,1,1¯,11¯ are given explicitly in the
appendix in equation (41). Similarly we can expand F 1G
and F¯ 1¯G as
F 1G = F 1G0+F 1G1z1+F 1G 1¯z¯
1¯+F 1
G11¯
z1z¯ 1¯ ,
F¯ 1¯G = F¯ 1¯G0+ F¯ 1¯G1z1+ F¯ 1¯G 1¯z¯
1¯+ F¯ 1
G11¯
z1z¯ 1¯ . (26)
We can absorb all the terms of F 1G that depends on z
1 into
the following redefinition of F 1
F ′1 ≡ F 1−F 1G1z1−F 1G11¯z
1z¯ 1¯. (27)
This definition preserves the form of the nilpotency con-
dition on z1, giving z1 = (χ
1)2
2F 1
= (χ
1)2
2F ′1 , since (χ
1)2z1 ∝
(χ1)2(χ1)2 = 0. Likewise we define F¯ ′1¯ as the complex con-
jugate of (27). We can rewrite the first term of (24) as
(F
′1−F 1G0−F 1G 1¯ z¯
1¯)M (F¯
′1¯− F¯ 1¯G0− F¯ 1¯G1z1) . (28)
To integrate out F ′1 it will be useful to write the La-
grangian in the following form
e−1Loff−shell = (F
′1−F 1G0)M0(F¯
′1¯− F¯ 1¯G0)
+ 1
2
(χ1)2M1(F¯
′1¯− F¯ 1¯G0)− z1F 1G0M1(F¯
′1¯− F¯ 1¯G0)
+ 1
2
(χ1¯)2(F
′1−F 1G0)M1¯− z¯ 1¯(F
′1−F 1G0)M1¯F¯ 1¯G0
+ z¯ 1¯Az1+Bz¯ 1¯+ B¯ z1+C . (29)
In this form the explicit dependence of the Lagrangian
on F ′1 and z1 is apparent and we used that the product
F ′1z1 = 1
2
(χ1)2 is independent of F ′1. The coefficients in
the last line are
A =A1+F 1G0M11¯F¯ 1¯G0+F 1G0M1¯F¯ 1¯G1+F 1G 1¯M1F¯
1¯
G0
+F 1
G 1¯
M0F¯
1¯
G1, (30)
B =B1− 1
2
(χ1)2
[
M11¯F¯
1¯
G0+M1¯F¯ 1¯G1
]
+F 1
G 1¯
M0F¯
1¯
G0, (31)
B¯ =B¯1− 1
2
(χ1¯)2
[
M11¯F
1
G0+F 1G 1¯M1
]
+F 1G0M0F¯ 1¯G1, (32)
C =C1+ 1
4
(χ1¯)2(χ1)2M11¯−
(χ1)2
2
M0F¯
1¯
G1
− (χ
1¯)2
2
M0F
1
G 1¯
, (33)
where A1,B1, B¯1,C1 are defined via the expansion in
equation (19).
We can now follow the method developed in [35, 36]
to integrate out F ′1. We need to solve the field equation
for F ′1, which is given by
0= ∂L
∂F¯ ′1¯
− z¯
1¯
F¯ ′1¯
∂L
∂z¯ 1¯
=(F ′1−F 1G0)M0+ z1(F
′1−F 1G0)M1
− z¯
1¯
F¯ ′1¯
[
−(F ′1−F 1G0)M1¯F¯ 1¯G0+ Az1+B
]
. (34)
This equation can be solved as in [36] by inserting the ex-
pansion
F
′1 = F ′10 +F
′1
1 (χ
1)2+F ′1
1¯
(χ1¯)2+F ′1
11¯
(χ1)2(χ1¯)2, (35)
and its complex conjugate, into (34). The nilpotency of
(χ1)2 and (χ1¯)2 allows us to do an exact Taylor expansion
where F
′1 (or its complex conjugate) appears in the de-
nominator. We then see that there are four equations for
the four unknown F
′1
0 , F
′1
1 , F
′1
1¯
and F
′1
11¯
. When doing this
one has to recall that A contains two derivatives so that
Az1 contains a term proportional to ä(χ1)2. This means
in particular that (χ1)2Az1 6= 0. Solving (34) order by or-
der we find the result
F ′1 =F 1G0+
(χ1¯)2
2(F¯ 1¯
G0
)2M0
(
A
(χ1)2
2F 1
G0
+B
)
×

1− (χ1)2F 1
G0
M0

M12 +
(
A¯
(χ1¯)2
2F¯ 1
G0
+ B¯
)
F 1
G0
F¯ 1¯
G0



 . (36)
Note that (F ′1 − F 1G0) is proportional to (χ1¯)2 (and like-
wise (F¯ ′1¯− F¯ 1¯G0)∝ (χ1)2). This means that upon plugging
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this into the Lagrangian (29) we find that the on-shell La-
grangian will simplify significantly. In particular, for the
term in equation (28) one can replace M withM0.
When we plug the solution (36) and its complex con-
jugate back into the Lagrangian (29) we find
e−1Lon-shell =
(χ1¯)2
2F¯ 1¯
G0
A
(χ1)2
2F 1
G0
+B (χ
1¯)2
2F¯ 1¯
G0
+ B¯ (χ
1)2
2F 1
G0
+C
− (χ
1¯)2(χ1)2
4(F¯ 1¯
G0
)2(F 1
G0
)2M0
∣∣∣∣A (χ1)2
2F 1
G0
+B
∣∣∣∣
2
, (37)
If we plug in the explicit expressions for A,B, B¯ andC , we
find that all terms in the first line of (37) that depend on
M1, M1¯ and M11¯ cancel with each other. Moreover, one
can show that these terms also vanish in the last line of
(37) due to the fact that (χ1)4 = 0. The only terms in A that
survive are the ones that contain derivatives that act on
(χ1)2. We also find that all terms in the last three terms of
the first line of (37) that depend on M0 cancel. So finally
we are left with:
e−1Lon−shell =
[
e−1Lbook
]
z1= (χ1)2
2F1
G0
+ (χ
1¯)2(χ1)2
4F 1
G0
F¯ 1¯
G0
(38)
×
[
F 1
G 1¯
M0F¯
1¯
G1−
1
M0F
1
G0
F¯ 1¯
G0
∣∣∣∣∣ A
1(χ1)2
2F 1
G0
+B1+F 1
G 1¯
M0F¯
1¯
G0
∣∣∣∣∣
2]
.
Note that the last term in the square will exactly cancel
the first term in the square brackets, so the only addi-
tional terms will come from the cross terms of A1 and B1
with F¯ 1¯G1M0F
1
G0 and its conjugate. The explicit forms for
F 1G0 and F
1
G 1¯
are given in Appendix B.
4 Conclusion
In this paper we reviewed the appearance and utility of a
nilpotent chiral multiplet in 4d N = 1 supergravity. One
of its most important features is that the nilpotent chi-
ral multiplet coupled to supergravity allows one to evade
no-go theorems and construct dS solutions [10] (even in
the absence of any scalar degrees of freedom), hence the
resulting theory is called pure dS supergravity [35]. This
featuremakes the nilpotent chiral multiplet a very useful
ingredient in cosmological model building in supergrav-
ity. In this context the nilpotent chiral multiplet does not
only lead to models that can accommodate a dS vacuum
and hence the accelerated expansion of our current uni-
verse, but it also simplifies inflationarymodel building in
many cases [19].
We also reviewed how the nilpotent chiral multiplet
is connected to dS vacua in string theory that rely on an
anti-D3-brane uplift. There one can explicitly show that
the action for the anti-D3-brane in a flux background re-
duces to the Volkov-Akulov action for the goldstino. Since
branes and anti-branes break supersymmetry sponta-
neouslywe expect that there aremanymore string theory
construction that one can connect to the nilpotent chiral
multiplet.
Since the scalar component in the nilpotent chiral
multiplet is a fermion bilinear one rightfully expects that
its fermionic action is rather complicated. Nevertheless,
it was possible in [35,36,39,40] to derive the explicit com-
ponent action for a nilpotent chiral multiplet coupled
to supergravity in a variety of different examples. In par-
ticular, in [40] the action for a nilpotent chiral multiplet
coupled to supergravity and an arbitrary number of chi-
ral and vector multiplets was derived under the single
simplifying assumption that the scalar component of the
nilpotent chiral multiplet, s, only appears in the combi-
nation s s¯ in the Kähler potential. Here we dropped this
assumption and we were able to derive the most general
action for a nilpotent chiral multiplet coupled to super-
gravity and an arbitrary number of chiral and vectormul-
tiplets. Our result is given in equation (38) in section 3.
Our resulting action can be simplified by gauge fixing
the supersymmetry transformations. In particular in the
gauge χ = 0 the action becomes rather simple (cf. eqn.
(38)). Note however that although in this gauge s ≡ z1 =
χ1 = 0 there is still an important contribution from the
nilpotent chiralmultiplet in the action since F 1 = F 1G0 6= 0.
In this particular gauge the gravitino is generally not zero,
so that there are many higher order fermionic couplings
(see section 5 in [39] for a detailed discussion of this
point). For that reason it is very useful to have the entire
component action before gauge fixing so that one can
choose the simplest gauge for any given problem.
The entire component action in (38) including all the
fermionic terms is of great importance. In the cosmologi-
cal context, which is the focus of this paper, one has to re-
heat the universe at the end of inflation and this requires
the detailed knowledge of all the couplings in the model.
In particular, if we want to couple a given cosmological
model of inflation that uses the nilpotent chiral multi-
plet to the standard model of particle physics, then we of
course need to know the action including chiral and vec-
tor multiplets. It should also be interesting to study the
action (38) purely from a particle physics point of view.
8 Copyright line will be provided by the publisher
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A Inverse Kähler metric and Christoffel
symbols
Here we collect the expressions for the inverted Kähler
metric and the Christoffel symbols. The Kähler metric is:
g11¯ = g11¯
g1ı¯ =K1,ı¯ + z¯ 1¯g11¯,ı¯
gi 1¯ =K1¯,i + z1g11¯,i
gi ¯ =K0,i ¯ + z1K1,i ¯ + z¯ 1¯K1¯,i ¯ + z1 z¯ 1¯g11¯,i ¯ .
(39)
Inverting the matrix gi ¯ , one finds
(g ¯i )
−1 = (K0, j¯ i )−1− z1(K0, j¯ l )−1K1,lm¯(K0,m¯i )−1
− z¯ 1¯(K0, j¯ l )−1K1¯,lm¯(K0,m¯i )−1+ z1z¯ 1¯(K0, j¯ l )−1
[
−g11¯,lm¯
+K1,l t¯ (K0,t¯ s)−1K1¯,sm¯ +K1¯,l t¯ (K0,t¯ s)−1K1,sm¯
]
(K0,m¯i )
−1
≡ (K0, j¯ i )−1+ z1D ¯i + z¯ 1¯E ¯i + z1 z¯ 1¯F ¯i . (40)
We will often need the combination,
g11¯− g1 ¯ (g ¯i )−1gi 1¯ = g11¯−K1, ¯ (K0, j¯ i )−1K1¯,i
− z1K1, ¯
[
D ¯iK1¯,i + (K0, j¯ i )−1g11¯,i
]
− z¯ 1¯
[
K1, ¯E ¯i + g11¯, ¯ (K0, j¯ i )−1
]
K1¯,i
− z1 z¯ 1¯
[
K1, ¯F ¯iK1¯,i +K1, ¯E ¯i g11¯,i + g11¯, ¯D ¯iK1¯,i
+g11¯, ¯(K0, j¯ i )−1g11¯,i
]
≡M0+M1z1+M1¯ z¯ 1¯+M11¯z1 z¯ 1¯.
(41)
Now we compute the necessary components of the in-
versemetric:
g 11¯ =
(
g11¯− g1 ¯ (g ¯i )−1gi 1¯
)−1
= 1
M0
− z1M1
M20
− z¯ 1¯ M1¯
M20
− z1z¯ 1¯
(
M11¯
M20
−2M1M1¯
M30
)
≡ (g 11¯)(0)+ z1(g 11¯)(1)+ z¯ 1¯(g 11¯)(1¯)+ z1 z¯ 1¯(g 11¯)(11¯).
(42)
g 1 ¯ =− (g ¯i )−1gi 1¯g 11¯
=−
(K0, j¯ i )
−1K1¯,i
M0
+ z1
(
−
D ¯iK1¯,i
M0
+
(K0, j¯ i )
−1K1¯,iM1
M20
−
(K0, j¯ i )
−1g11¯,i
M0
)
+ z¯ 1¯
(
−
E ¯iK1¯,i
M0
+
(K0, j¯ i )
−1K1¯,iM1¯
M20
)
+ z1z¯ 1¯
[
−
F ¯iK1¯,i
M0
−
E ¯i g11¯,i
M0
+
E ¯iK1¯,iM1
M20
+
D ¯iK1¯,iM1¯
M20
− (K0, j¯ i )−1K1¯,i
(
2
M1M1¯
M30
− M11¯
M20
)
+
(K0, j¯ i )
−1g11¯,iM1¯
M20
]
(43)
≡(g 1 ¯ )(0)+ z1(g 1 ¯ )(1)+ z¯ 1¯(g 1 ¯ )(1¯)+ z1z¯ 1¯(g 1 ¯)(11¯).
With these components we now calculate the Christoffel
symbols:
Γ
1
11 =0,
Γ
1
1i =(g 11¯)(0)g11¯,i + (g 1 ¯)(0)K1,i ¯ + z1
[
(g 11¯)(1)g11¯,i
+ (g 1 ¯)(1)K1,i ¯
]
+ z¯ 1¯
[
(g 11¯)(1¯)g11¯,i + (g 1 ¯ )(1¯)K1,i ¯
+ (g 1 ¯)(0)g11¯,i ¯
]
+ z1z¯ 1¯
[
(g 11¯)(11¯)g11¯,i
+ (g 1 ¯)(11¯)K1,i ¯ + (g 1 ¯)(1)g11¯,i ¯
]
(44)
≡
(
Γ
1
1i
)
(0)
+ z1
(
Γ
1
1i
)
(1)
+ z¯ 1¯
(
Γ
1
1i
)
(1¯)
+ z1 z¯ 1¯
(
Γ
1
1i
)
(11¯)
,
Γ
1
i j =(g 11¯)(0)K1¯,i j + (g 1k¯ )(0)K0,i j k¯ + z1
[
(g 11¯)(1)K1¯,i j
+ (g 11¯)(0)g11¯,i j + (g 1k¯ )(1)K0,i j k¯ + (g 1k¯ )(0)K1,i j k¯
]
+z¯ 1¯
[
(g 11¯)(1¯)K1¯,i j + (g 1k¯ )(1¯)K0,i j k¯ + (g 1k¯ )(0)K1¯,i j k¯
]
+z1z¯ 1¯
[
(g 11¯)(11¯)K1¯,i j + (g 11¯)(1¯)g11¯,i j + (g 1k¯ )(11¯)K0,i j k¯
+ (g 1k¯ )(1¯)K1,i j k¯ + (g 1k¯ )(1)K1¯,i j k¯ + (g 1k¯ )(0)g11¯,i j k¯
]
≡
(
Γ
1
i j
)
(0)
+ z1
(
Γ
1
i j
)
(1)
+ z¯ 1¯
(
Γ
1
i j
)
(1¯)
+ z1z¯ 1¯
(
Γ
1
i j
)
(11¯)
.
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B The expansion of F 1
G
Using the expressions in Appendix A for the inverse met-
ric and Christoffel symbols we can expand the definition
of F 1G (see equation (15)):
F 1G =−eK /2g 1β¯D¯β¯W¯ +
1
2
Γ
1
βγχ¯
βχγ+ 1
4
f¯AB β¯g
β¯1λ¯APRλ
B ,
(45)
to find F 1G0 and F
1
G 1¯
as defined in equation (26). We find:
F 1G0 =
1
M0
[
−eK0/2
(
W¯1¯+K1¯W¯0− (K0,i¯ j )−1K1¯, j
[
W¯0,ı¯
+K0,ı¯W¯0
]
+
(
g11¯,i −K1,i k¯ (K0,k¯ j )−1K1¯, j
) χ¯1χi
2
+
(
K1¯,i j −K0,i j k¯(K0,k¯m)−1K1¯,m
) χ¯iχ j
2
+ 1
4
(
f¯AB 1¯− f¯AB ı¯(K0,i¯ j )−1K1¯, j
)
λ¯APRλ
B
]
,
(46)
and
F 1
G 1¯
=−eK0/2
[
1
2
K1¯
(
(g 11¯)(0)(W¯1¯+K1¯W¯0)+ (g 1ı¯ )(0)(W¯0,ı¯
+ K0,ı¯W¯0)
)
+ (g 11¯)(1¯)(W¯1¯+K1¯W¯0)+ (g 11¯)(0)K1¯W¯1¯
+(g 1ı¯ )(1¯)(W¯0,ı¯ +K0,ı¯W¯0)
+(g 1ı¯ )(0)(W¯1¯ı¯ +K1¯,ı¯W¯0+K0,ı¯W¯1¯)
]
+
(
Γ
1
1i
)
(1¯)
χ¯1χi
2
+
(
Γ
1
i j
)
(1¯)
χ¯iχ j
2
+ 1
4
(
(g 11¯)(1¯) f¯AB 1¯
+ (g 1ı¯ )(0) f¯AB 1¯ı¯ + (g 1ı¯ )(1¯) f¯AB ı¯
)
λAPRλ
B . (47)
Key words. cosmology, D-branes, string theories,
supergravity
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